expressed in diverse tissues of the rat. Transient transfection of the long form in CHO-K1 cells resulted in currents with an I Ϫ Ͼ B Ϫ Ͼ Cl Ϫ selectivity sequence, outward rectification, and inactivation at positive voltages. Short form currents had identical ionic selectivity but displayed a more extreme outward rectification and showed no voltage-dependent inactivation. Immunofluorescence and immunoblots localized native ClC-3 preferentially but not exclusively to the canalicular membrane. We have therefore identified a new isoform of rat ClC-3 and shown that expression of both isoforms produces functional channels. In hepatocytes, ClC-3 is located in association with the canalicular membrane. ion channels; liver; CHO-K1 cells; canalicular membrane CHLORIDE CHANNELS ARE WIDELY distributed in mammalian cells and serve important functions. Hepatocytes have a high basal permeability to chloride, and electrophysiological studies have identified chloride channels in sinusoidal membranes (11) , canalicular membranes (23) , and several different intracellular compartments (1, 8) . Hepatocyte chloride channels are involved in cell volume regulation, control of plasma membrane electrical potential, and acidification of the endocytic pathway. They have also been postulated to play a role in bile formation and cholestasis as well as in response to cell injury (29, 30) .
Chloride channels of the ClC family are expressed in diverse tissues (12) , and mutations of these channels produce several genetic diseases, including myotonia congenita for ClC-1 (15) , hereditary nephrocalcinosis (Dent's disease) for ClC-5 (21) , and a knockout mouse model of nephrogenic diabetes insipidus for ClC-K1 (18) . The ClC chloride channels are thus important to cell function, but the precise functions and even properties of each are largely unknown. ClC-0, ClC-1, ClC-2, and ClC-5 have all been reproducibly expressed in different expression systems and produce characteristic chloride currents (12, 28) . Other family members, such as ClC-6 and ClC-7, have not been reproducibly expressed. For ClC-3, expression has been reported by two different groups (6, 13) , but its observed properties differ in these systems.
Our ultimate goal is to determine the role of ClC-3 in hepatocyte chloride permeability. In the course of these studies we identified two forms of ClC-3 in hepatocytes. We now report expression studies showing that both of these forms produce channels and that their properties differ in a way that may provide insight into the domains of the channel responsible for gating. We also examined the subcellular localization of ClC-3 and show that the channel is preferentially localized to the canalicular membrane of hepatocytes.
EXPERIMENTAL PROCEDURES
RNA isolation. Total RNA was isolated from hepatocytes, liver, kidney, and lung tissue by liquid phase separation using the Ultraspec RNA isolation kit (Biotecx, Houston, TX) according to the manufacturer's instructions. Poly(A) ϩ mRNA was prepared from total RNA using the Oligotex mRNA kit (Qiagen, Chatsworth, CA). Total RNA from rat brain and heart was a generous gift from Dr. H. Saito (University of Texas Medical Branch, Galveston, TX).
RT-PCR. RT-PCR was performed by the methods described previously (25) . For the synthesis of the singlestranded cDNA, 4 g of total RNA from each sample was reverse transcribed using an oligo(dT) primer and 200 units of SuperScript II reverse transcriptase (Gibco BRL, Gaithersburg, MD). Aliquots of the synthesized cDNA (3 l) were amplified in a Genemate thermal cycler (ISC Bioscience) with 2.5 units of Taq DNA polymerase (Gibco BRL). For identification of ClC-3, primers were designed to amplify a segment from 251 to 1104 (sense, TAGAGCCGGAGATT-GAACT; antisense, CCACTTTCCCAAGTAACCTC) for 31 cy-cles with an elongation temperature of 52°C. Reaction products were separated by electrophoresis using a 1.5% agarose gel. The identity of PCR products was confirmed by predicted size of the amplified products and determination of restriction fragment lengths with restriction sites specifically selected for the predicted amplified sequence. Southern blotting analysis was performed using specific 32 P-labeled cDNA probes prepared by the random priming method. The intensity of each band was measured by the LYNX 5000 Image Analyzer (Applied Imaging, Santa Clara, CA). Glyceraldehyde-3-phosphate dehydrogenase (Ambion) was used as a control.
Preparation of ClC-3 expression vectors. Full-length ClC-3 transcripts were prepared by PCR with a mixture of Taq and Pfu polymerases (TaqPlus Precision PCR system, Stratagene, La Jolla, CA) using primers designed to insert a 5Ј BamH 1 site and a 3Ј FLAG sequence followed by a Xho 1 site. The PCR products were resolved on agarose gels, extracted with the Wizard PCR purification system (Promega), ligated into pcDNA3.1 ϩ (Invitrogen), and sequenced using eight sequencing primers by the University of Texas Medical Branch sequencing facility. Multiple clones were sequenced for each isoform, and the correct sequences were confirmed.
Transfection. CHO-K1 cells were cultured in DMEM-F-12 medium and grown on glass coverslips. Cells were transfected at 40-60% confluency with the long form or short form ClC-3 cDNA using FuGENE 6 (Boehringer Mannheim) according to the suggested procedures. To identify transfectants, a green fluorescent protein (GFP) construct (pEGFP, Clontech) was cotransfected at a ClC-3-to-GFP ratio of 30:1. Cells expressing GFP fluorescence at 40-70 h were selected for experiments.
Isolation of hepatocytes. Isolated hepatocytes from male Sprague-Dawley rats were prepared by two-step collagenase perfusion of the liver as previously described (23) . Trypan blue exclusion was used to assess viability, which ranged from 90 to 95%. The hepatocytes were allowed to attach to collagen-coated glass coverslips and were cultured for 4 h at 37°C in L-15 medium, containing 10% vol/vol fetal bovine serum (FBS), penicillin (200 U/ml), and streptomycin (0.2 mg/ml).
Immunofluorescence. Transfected CHO-K1 cells were fixed with methanol at Ϫ20°C for 10 min, washed in PBS, and incubated with the m2 anti-FLAG monoclonal antibody (Sigma) (1:1,500) in 10% goat serum for 60 min. Coverslips were washed for 2 h with PBS and then incubated with Alexa 594-conjugated goat anti-mouse IgG (Molecular Probes) at a dilution of 1:500 for 30 min. After washing for 45 min, coverslips were mounted and observed in a Nikon epifluorescence microscope at excitation wavelength of 590 and emission wavelength of 630 nm.
A polyclonal rabbit antibody prepared against a glutathione-S-transferase (GST) fusion protein of ClC-3 (residues 592-661) was purchased from Alomone Labs. This antibody has been shown to be specific for ClC-3 and not to cross-react with the closely related proteins ClC-4 or ClC-5 (22) . For immunofluorescence, hepatocytes were cultured on glass coverslips and fixed and permeabilized in methanol for 10 min at Ϫ20°C. The coverslips were incubated with anti-ClC-3 antibody at a dilution of 1:200 in 10% goat serum at 4°C for 16 h. After washing in PBS for 30 min, the coverslips were further incubated for 1 h at room temperature with an Alexa 488-conjugated goat anti-rabbit IgG at a dilution of 1:500 in 10% goat serum, followed by another washing in PBS for 30 min. The coverslips were then mounted with FluorSave (Calbiochem) solution and observed in a Nikon Eclipse E800 epifluorescence microscope. Parallel incubations were performed using primary antibody that had been preabsorbed with a 10:1 (by weight) excess of the GST-ClC-3 fusion protein used to generate the antibody. Cryosections were obtained from freshly killed rat liver. Immunostaining was performed using the same protocol as for hepatocytes, except that the secondary antibody was Alexa 594-conjugated goat anti-rabbit IgG (Molecular Probes).
Membrane preparation and Western blotting. Crude canalicular and basolateral membranes were prepared from a single rat liver by a modification of the method of Song et al. (26) . Rats (150-200 g) were fasted overnight and killed with CO 2 . The liver was perfused with Hanks' buffer followed by perfusion with ice-cold 1 mM NaHCO 3 . The liver was minced and homogenized in 2 volumes of NaHCO 3 with 15 strokes of a Dounce homogenizer with a loose-fitting pestle. Homogenate was diluted with 200 ml of NaHCO 3 , filtered through cotton cheesecloth, and centrifuged at 1,500 g for 10 min. Pellet was resuspended in NaHCO 3 equal to the original wet weight of the liver, to which 5.5 volumes of 56% (wt/wt) sucrose were added. Suspension was applied as the bottom layer of a discontinuous sucrose gradient (56%, 42%, 38%) and centrifuged at 66,000 g for 60 min at 4°C. Enriched canalicular membranes were collected from the upper interface and typically yielded 1.2 mg/10 g liver. Canalicular enrichment in this preparation was confirmed by immunoblotting for ectoATPase. Basolateral membrane fraction was collected from the lower interface, further centrifuged in a second discontinuous gradient as above, and stored at Ϫ80°C.
Membrane protein (200 g) was electrophoresed on 10% SDS-PAGE and transferred to nitrocellulose membranes. Membranes were blocked overnight at 4°C in Tris-buffered saline, pH 7.5, with 5% milk-0.1% Tween 20, and then incubated for 1 h at room temperature with ClC-3 antibody at a dilution of 1:500 or with ClC-3 antibody that had been preabsorbed with a 10:1 excess of the GST-ClC-3 fusion protein used to generate the antibody. Detection was performed by chemiluminescence with peroxidase-labeled anti-rabbit IgG using the ECL Plus system (Amersham).
Patch clamp. Whole cell patch clamp was performed at room temperature as previously described (19) . Borosilicate glass micropipettes (catalogue no. 1B150F-6; WP Instruments, Sarasota, FL) were pulled with a multistep pull on a Flaming-Brown micropipette puller (model P-87; Sutter Instrument, Novato, CA) and were fire polished to final tip resistance of 3.5-5 M⍀ when filled with pipette solution and immersed in bath solutions. Currents were measured using a patch-clamp amplifier (Axopatch 200; Axon Instruments, Foster City, CA) and filtered at 2 kHz. pCLAMP software (v. 6.03; Axon Instruments) was used to generate the command voltages and process the acquired data. Sampling rates varied according to different protocols. Liquid junction potentials were measured with a flowing 3 M KCl junction and current-voltage curves corrected appropriately. Only records with a series resistance increase of Ͻ50% after formation of the whole cell were included. GFP-expressing cells were visualized with epifluorescence on a Nikon Diaphot microscope and patch clamped immediately. Bath solution contained (in mM): 114 NaCl, 5.4 CsCl, 1 MgSO 4 , 1.5 CaCl 2 , 10 HEPES, and 10 glucose, pH 7.4, adjusted with NaOH. Preliminary experiments demonstrated that spontaneous activation of large, chloride-selective currents was a common phenomenon, even in nontransfected cells. This appeared to be a consequence of cell swelling, which occurred when cells were transferred from a relatively hyperosmotic culture medium (DMEM-F-12 with 10% FBS, ϳ350 mosmol/kgH 2 O) to the standard patch-clamp bath solution (300 mosmol/ kgH 2 O). Dilution of the culture medium with water to an osmolality of 300 mosmol/kgH 2 O eliminated this spontaneous activation.
Osmolality was measured with a vapor-pressure osmometer (model 5500; Wescor, Logan, UT). Bath solution was adjusted to 300 mosmol/kgH 2 O by adding sucrose. Hypotonic bath solutions were the same, except that the osmolality was 240 mosmol/kgH 2 O by omitting sucrose. For determination of anion selectivity, NaCl was substituted with NaI or NaBr in bath solutions. Pipette solution contained (in mM): 120 CsCl, 3 MgSO 4 , 1 CaCl 2 , 11 EGTA, 3 Na 2 ATP, 10 HEPES, and 10 glucose, pH 7.2, using CsOH. Osmolality was adjusted to 290 mosmol/kgH 2 O with sucrose. Data are presented as means Ϯ SE. Outward membrane conductance (G ϩ50,ϩ80 ) was calculated over the voltage interval from ϩ50 to ϩ80 mV. The rectification factor was the ratio of outward to inward conductance (G ϩ50,ϩ80 /G Ϫ80,Ϫ50 ). Comparisons were made by unpaired t-test using SigmaStat software.
Animal care. All animals were treated in accordance with the guidelines established by the Animal Care and Use Committee of the University of Texas Medical Branch (Protocol 89-11-239).
RESULTS
Isoforms of ClC-3 mRNA expression. ClC-3 has previously been shown to be expressed in diverse tissues, including liver (14) . We initially examined ClC-3 mRNA expression in hepatocytes by RT-PCR with primers spanning the predicted translation initiation site. This amplification always yielded two products. Southern blot analysis confirmed that both products specifically hybridized to a ClC-3 probe (Fig. 1A) . The two PCR products were subcloned and sequenced. The smaller 853-bp product corresponded to the published sequence of rat ClC-3 (originally derived from a rat kidney cDNA library) (14) . The longer 1,029-bp fragment contained a 176-bp insertion that created a longer open reading frame (ORF) that predicted a 58-amino acid addition at the NH 2 terminus of the protein (Fig. 2) . This predicted sequence was almost identical to a similar sequence at the NH 2 terminus of mouse, Fig. 1 . Two PCR products for ClC-3. A: RT-PCR performed with primers spanning the translation initiation site produced the expected shorter product as well as a longer product. Southern blotting using the short product as a probe showed that both products hybridized. B: RT-PCR was performed with primers designed to amplify the full-length coding region of ClC-3. Again, two products corresponding to the long and short forms of ClC-3 were obtained. rabbit, and human ClC-3. To confirm that full-length long and short form mRNA species are both transcribed in hepatocytes, we used RT-PCR with a proofreading polymerase to amplify the entire predicted 2.7-kb ORF for ClC-3. Again, two products were obtained (Fig. 1B) , and sequence analysis confirmed that full-length mRNAs are expressed for both long and short forms of ClC-3. The full sequence of the ClC-3 long form ORF is available as GenBank accession no. AF142778.
We next used RT-PCR to determine whether both long and short forms are present in various rat tissues. The results are presented in Fig. 3 and show that all of the tissues examined expressed both forms. The long form predominates in every tissue, but the short form is relatively more abundant in liver, kidney, and lung than it is in heart and brain.
Heterologous expression in CHO-K1 cells. Expression vectors for both the short and long form were prepared by RT-PCR of the ClC-3 sequence from rat liver RNA and ligation into pcDNA3.1. A FLAG epitope was inserted at the COOH terminus, predicted to be an intracellular domain. These constructs were then transiently transfected into CHO-K1 cells. Cotransfection with a GFP expression vector was used to identify transfected cells. To examine the extent of ClC-3 expression and determine whether simultaneous GFP expression correctly identified ClC-3-expressing cells, we performed immunofluorescence with the anti-FLAG antibody. Figure 4A demonstrates the immunofluorescence pattern of ClC-3-expressing cells. In the ClC-3-GFP cotransfections, GFP-positive cells (green fluorescence) were also positive for ClC-3 immunostaining (red fluorescence). In the GFP-only transfections, many cells were positive for the green GFP fluorescence, but none of these cells showed red fluorescence (data not shown). The localization of ClC-3 immunofluorescence for both the long and short forms is demonstrated in Fig. 4B . There was extensive immunostaining intracellularly as well as on the plasma membrane.
Functional expression of ClC-3 long and short forms.
To examine the functional expression of ClC-3 channels, the whole cell voltage clamp technique was used. From a holding potential of 0 mV, pulses of Ϫ80 to ϩ80 mV induced identical small amplitude currents in both untransfected CHO-K1 and GFP-only-transfected cells (Fig. 5A) . The mean conductance from ϩ50 to ϩ80 mV was 24 Ϯ 3 pS/pF (n ϭ 18) and remained stable for at least 30 min. No cells exhibited conductance of Ͼ50 pS/pF. In contrast, a large proportion of ClC-3 long form-or short form-transfected cells exhibited large outwardly rectifying currents (Fig. 5, B and C) . Long form-transfected cells showed currents of Ͼ80 pS/pF in 28 of 56 patches, with a mean conductance of 255 Ϯ 56 pS/pF (n ϭ 28). For ClC-3 short form, an even greater proportion of cells (24 of 37) exhibited large conductances (185 Ϯ 24 pS/pF; n ϭ 24). Additionally, Fig. 5D demonstrates that the ClC-3 short form channel cur- Fig. 3 . RT-PCR of long and short form ClC-3 expression in various rat tissues. Total RNA (4 g) from the indicated tissues was reverse transcribed, and PCR was performed for ClC-3 as described in EXPERIMENTAL PROCEDURES. The ratios of long form to short form were: liver, 3.0; kidney, 2.5; lung 2.9; heart, 3.9; cerebral cortex, 4.1; cerebellum 4.7; and olfactory bulb, 3.5. rents have stronger outward rectification with rectification factors (G ϩ50,ϩ80 /G Ϫ80,Ϫ50 ) for short form, long form, and control of 8.5 Ϯ 0.8, 3.8 Ϯ 0.3 (P Ͻ 0.01), and 1.5 Ϯ 0.2 (P Ͻ 0.01), respectively.
To determine whether the presence of GFP alters channel properties, we performed some patch-clamp experiments with cells transfected with the ClC-3 short form vector alone. Outwardly rectifying currents were seen in five cells, which were identical to those in the ClC-3-GFP cotransfected cells. The yield of these experiments was lower due to the difficulty in identifying transfected cells, and therefore all other experiments were performed with cotransfected cells.
Properties of long and short form currents. It has been widely noted that volume-activated chloride channels inactivate slowly at very positive voltages (27) . Since ClC-3 has been proposed as a candidate for these swelling-activated channels (6), we tested inactivation kinetics of the ClC-3 isoforms by using 2-s pulses over the voltage range from Ϫ100 to ϩ100 mV (Fig. 6) . Like the volume-activated current, ClC-3 long form displayed slow inactivation at voltage pulses of Ͼ60 mV (20 of 20 cells examined). In contrast, the short form never displayed voltage-dependent inactivation (n ϭ 16). We further performed sequential bath ionic substitutions and determined selectivity from the changes in reversal potential. On the basis of reversal potential changes, our results show almost identical selectivity sequences of I Ϫ Ͼ Br Ϫ Ͼ Cl Ϫ for both long form and short form. However, in the presence of I Ϫ bath solution, short form current amplitudes at high positive voltage were somewhat reduced and displayed less rectification (Fig. 7) .
Localization of native ClC-3 in hepatocytes. Expression of the ClC-3 protein was examined in hepatocytes and membrane fractions by indirect immunofluorescence and Western blotting. Indirect immunofluorescence using a polyclonal rabbit ClC-3 antibody was performed in isolated hepatocytes and hepatocyte couplets that had been cultured for 4 h after isolation. The results, presented in Fig. 8, A and B, revealed a selective fluorescence of the canalicular membrane domain. In addition, patches of intracellular fluorescence were also frequently observed. The basolateral membrane of cells and couplets did not stain under these conditions. Specific absorption of the antiserum with ClC-3 antigenic peptide eliminated all canalicular membrane staining (Fig. 8, C and D) . A similar result was obtained by omission of the primary antibody (data not shown).
To determine whether canalicular localization occurred in liver tissue as well as couplets, immunostaining was performed in frozen rat liver sections. Figure   Fig. 6 . Different inactivation between ClC-3 long form and short form. Currents were recorded with 2-s voltage pulses from Ϫ100 to ϩ100 mV in 20-mV steps under isotonic conditions. Traces of ClC-3 long form (A) displayed inactivation above 70 mV, but short form (B) had no inactivation in the voltage range. 8E shows the immunostaining pattern of ectoATPase, a known canalicular marker. The canalicular pattern of punctate circular areas at the junctions of cells and branching tracts is readily apparent. ClC-3 immunostaining in liver (Fig. 8F ) similarly shows canalicular staining, but in addition there appears to be localization to other sites as well, possibly sinusoidal lining cells.
We confirmed the preferential localization to the canalicular membrane by Western blotting using selective membrane fractions. The results (Fig. 9) confirm that ClC-3 protein is enriched in canalicular membranes compared with basolateral membranes. Interestingly, total cell membranes have similar quantities of ClC-3 to canalicular membranes, suggesting a possible intracellular localization as well.
DISCUSSION
This study has determined that ClC-3 is expressed as two different mRNA isoforms in rats, one corresponding to the reported sequence (14) and the other with a 176-bp insertion upstream to the translation initiation site. The insert extends the ORF and predicts a new NH 2 terminal segment that is nearly identical to the NH 2 terminal sequences of human, mouse, and rabbit ClC-3. We further confirmed that both forms produce functional chloride channels when transiently transfected in CHO-K1 cells. Ionic currents resulting from the two isoforms had similar anion selectivity but exhibited different rectification and inactivation properties. In hepatocytes, ClC-3 protein localizes preferentially to the canalicular membrane. This is the first identification of the molecular identity of a canalicular membrane chloride channel.
Significance of ClC-3 isoforms. The broad expression of two different mRNA isoforms for ClC-3 was unexpected. The short form we identified was identical to the previously reported sequence (20) , except for a G-to-A substitution at nucleotide 2644 that predicts a V to I substitution at amino acid 759. This one conservative change makes our sequence identical to that of mouse, rabbit, and human ClC-3 at this position. This newly reported rat long form was 100% identical at the amino acid level with the reported sequence for mouse ClC-3 and was 99% amino acid identical to human ClC-3. Although two different ClC-3 mRNAs are present, our Western blots did not resolve two protein bands (Fig. 9) . It is possible that the small size difference (4 kDa) could not be resolved on our gels, but alternatively only one of the forms may be translated. Resolving this issue will require further studies.
Other ClC family chloride channels have also been reported to exist in multiple isoforms. The best defined of these is for ClC-2, in which tissue-specific exon skipping and alternative splicing have been shown to generate alternate forms of the channel (2, 3). Alternative splicing variants have also been observed for ClC-6 (7) and for the related Drosophila chloride channel DrosGluCl-␣ (24). It is possible that the different ClC-3 isoforms have different functional properties or are involved in formation of heteromultimers (16) .
Expression studies of chloride channels have been hampered by the lack of an expression system devoid of endogenous chloride channels. Therefore, interference from endogenous chloride currents is possible in any expression system. In particular, most cells have endogenous swelling-activated currents. We chose to use CHO-K1 cells in these studies. These cells had the lowest endogenous ClC-3 mRNA expression of several cells lines as assessed by RT-PCR (Shimada and Weinman, unpublished observations). In addition, they are easily patch clamped (31) and have very low basal chloride currents (10) .
Expression of both long and short form of ClC-3 produced reproducible currents. In both cases, immunofluorescence with the anti-FLAG antibody provided direct evidence that the protein is expressed and appears to be present on the plasma membrane. Although ClC-3 protein expression could still activate endogenous channels, short form-and long form-associated currents have different rectification and inactivation kinetics from each other and this would not be expected if these two very similar proteins merely activated an endogenous channel. Although the long form current has similar properties to the endogenous swelling-activated currents in CHO-K1 cells, the much stronger rectification and absence of voltage-dependent inactivation in the short form-transfected cells are not seen in nontransfected cells either as a result of cell swelling, increased intracellular Ca 2ϩ , or other stimuli. We therefore conclude that the observed currents result directly from heterologous ion channel expression.
The rectification and inactivation of ClC-3 short form currents are quite similar to those of ClC-4 and ClC-5 channels, which have ϳ80% amino acid homology with ClC-3 (9). However, the I Ϫ Ͼ Br Ϫ Ͼ Cl Ϫ permeability sequence of ClC-3 is different from ClC-4 and ClC-5. The two isoforms of ClC-3 exhibit different kinetic and gating properties, although they differ only by a 58-amino acid NH 2 terminal domain. This segment may therefore be involved in gating, possibly by voltagedependent conformational changes of the protein, or alternatively it could serve as an interaction site for another molecule that is responsible for channel inactivation.
Channel localization. We used a rabbit polyclonal antibody for localization of ClC-3. This antibody was generated to a peptide in the cytoplasmic domain of the COOH terminal that shares little homology with other members of the ClC family except for the closely related ClC-4 and ClC-5. However, lack of cross-reactiv- ity of the antibody with ClC-4 and ClC-5 has been directly demonstrated (22) . Immunofluorescence revealed a canalicular membrane localization of native ClC-3 in hepatocytes. This was seen most clearly in hepatocyte couplets, but canalicular localization was also seen in frozen liver sections and was confirmed by Western blotting of membrane fractions. In addition to the canalicular membrane, frozen liver sections showed prominent localization within the sinusoids (Fig. 8F) , possibly indicating the presence of ClC-3 in endothelial cells or Kupffer cells as well.
The presence of outwardly rectifying chloride channels has previously been demonstrated in canalicular membrane vesicles (23) , and ClC-3 is therefore a candidate for this channel. It is important to note that intracellular ClC-3 was also seen and that total liver homogenate contains nearly as much ClC-3 as canalicular membranes by Western blot (Fig. 9) . Together, these observations suggest that ClC-3 may reside both intracellularly and at the canalicular membrane. A similar situation was seen in transfected CHO-K1 cells, in which an intracellular as well as a plasma membrane distribution was observed. The closely related ClC-5 channel has also been reported to be largely or exclusively intracellular (4, 17) .
Comparison with other reports of ClC-3 expression. Two other groups have previously reported the properties of ClC-3 in heterologous expression systems. Kawasaki et al. described rat ClC-3 currents in oocytes (14) and stably transfected CHO-K1 cells (13) . The currents in oocytes were slightly outwardly rectifying, and those in the stably transfected cells were also weakly outwardly rectifying, even though the single channels they identified did not appear to pass current at all in the inward direction. These findings suggest that their single channels were not responsible for their observed whole cell currents. Similar results were reported by Duan et al. (5, 6) , who stably and transiently transfected guinea pig ClC-3 in fibroblasts and reported very large chloride conductances. These currents again were only slightly outwardly rectifying and inactivated at positive voltages, and both the rectification and ionic selectivity were altered by an N597K substitution. All of these studies used a ClC-3 sequence that was nearly identical to our short form.
We initially attempted to produce stably transfected ClC-3 cells, but although we obtained high levels of mRNA expression we were not able to successfully demonstrate either protein expression or an increase in basal currents. Instead, the transient transfections reported in this study were able to observe both. The major differences between our studies and the previous studies are that we used a FLAG epitope-labeled construct and confirmed membrane expression by immunofluorescence. We observed smaller total current magnitudes and different rectification and inactivation properties for the short form.
The explanation for these different properties is not certain but could result from differences in the cellular environment or levels of expression. Although the magnitude of our currents was smaller than those seen previously, it is comparable to that observed for transient ClC-4 and ClC-5 expression in mammalian cells (9) . The magnitudes of the ClC-3-associated currents observed by others, on the other hand, are unusually large. Kawasaki et al. (13) reported a current of 2,535 pA at 10 mV, which corresponds to an electrical resistance of only 4 M⍀. Since this is comparable to the lowest typical access resistance of a whole cell pipette, the conductance of these cell membranes must have been so high that free solution ionic mobility and not the cell membrane was rate limiting for current flow. We therefore believe that the currents reported in this study accurately reflect the properties of ClC-3 when transiently expressed in CHO-K1 cells.
In summary, we have identified two different isoforms of ClC-3 from rat hepatocytes and shown functional expression of each in CHO-K1 cells. The two isoforms can be distinguished by different kinetic properties but have identical ionic selectivities. In hepatocytes, the native ClC-3 channel appears to be both intracellular and associated with the bile canalicular membrane.
